Unusual clinical course Background:
Background
Brugada syndrome (BrS) was first described in 1992 as a hereditary disorder diagnosed on the basis of a clinically significant event: documented ventricular fibrillation, polymorphic ventricular tachycardia, nonvagal syncope, or sudden cardiac death [1, 2] . Electrocardiogram (ECG) pattern is characterized by a minimum of 2 mm J-point elevation and 1 mm STsegment elevation in at least two of the right precordial leads, V1-V3, with RSR' of the QRS [1] [2] [3] . It was not until 2013 that the term Brugada phenocopy (BrP) was coined, describing the presence of Brugada ECG pattern without manifestations of the syndrome, though there multiple accounts of such phenomenon documented prior to its terminology [4, 5] . The prevalence of Brugada ECG patterns is approximated to be 0.15%, with higher prevalence in Asia, and nine times more common in males than females [6] [7] [8] . In the United States, Brugada ECG pattern is an even rarer occurrence, with a prevalence of approximately 0.012% [7, 9] . In a prospective study by Adler et al., type I Brugada pattern was 20 times more prevalent among febrile patients [10] . All aberrant ECGs were incidentally found in the febrile patients-none reported syncope or arrhythmia-related symptoms [10] .
Case Report
A 28-year old, G4P4004, Caucasian female with no significant past medical history presented to the emergency department after a witnessed syncopal episode that occurred at a shopping mall. She described feelings of warmth, lightheadedness, and palpitations, but lost consciousness before she could sit down. As per bystanders, the patient was unconscious for less than one minute without tonic-clonic movements, tongue bite, and bladder or bowel incontinence. The patient denied confusion, slurred speech, or weakness upon awakening. The patient reported three similar episodes in the past, all experienced in the setting of pain -the first occurrence was 12 years prior to presentation. In this instance, the patient reported having left breast pain and subjective fevers for the past week, attributing pain to breastfeeding. The patient denied personal history of documented ventricular fibrillation or tachycardia, and any family history of arrhythmias or sudden cardiac death.
Admission vital signs showed temperature of 102.1°F (38.94°C), blood pressure of 104/93 mm Hg, and pulse of 128 beats per minute, with negative orthostatics. Physical examination revealed left breast tenderness without erythema or discharge. It was concluded that fever was due to left breast mastitis. Cardiac auscultation revealed no abnormalities. A 12-lead ECG completed on admission showed sinus tachycardia at 108 beats per minute, with normal axis, PR interval, QRS duration, and QTc interval. There was RSR' morphology and ST segment elevations in leads V1 and V2 with coved-type pattern consistent with a type I Brugada ( Figure 1 ). Troponin-I measured was 0.00. Other laboratory studies completed showed absence of hyponatremia with a sodium level of 135 mEq/L, and absence of hypokalemia or hyperkalemia with a potassium level of 3.9 mEq/L as a contributing factor to ECG abnormalities. Urine drug screen was also negative for illicit drugs or controlled substances.
The patient was treated with acetaminophen and oral cephalexin. However, on her second day of stay, her leukocyte count increased from 11,800/μL to 17,900/μL and a decision was made to change from oral antibiotics to intravenous ampicillin/sulbactam. As her fever subsided and decreased to a temperature of 100°F (37.78°C), her ECG showed regression to type II Brugada, with ST segment elevations in leads V1 and V2 of saddle back configuration (Figure 2) . At a temperature of 98.3°F (36.83°C), her ECG showed normal sinus rhythm without evidence of J-point or ST segment elevations (Figure 3 ). Echocardiogram showed no regional wall motion abnormalities, no right ventricular dilation or hypertrophy, and normal left ventricular ejection fraction. The review of telemonitoring during 48-hour stay showed absence of ventricular fibrillation or ventricular tachycardia. On the day of discharge, it was advised that the patient consider genetic testing and cardiac monitoring with an implantable loop recorder -however, she deferred further inpatient workup and was scheduled for a follow-up appointment with a cardiologist to evaluate her increased risk of sudden cardiac death. The cardiologist agreed with this plan, as he did not believe that patient's syncopal episode was related to BrS but rather by vasovagal phenomenon, supported by history of previous similar syncopal events, and each time having quick recovery without medical intervention.
Discussion
The patient's history of syncope in the setting of pain, with prodromal symptoms of warmth, palpitations, and lightheadedness seem to be vasovagal in nature, however, she had a fever-induced Brugada ECG pattern that may be a marker of increased risk. Once her fever dissipated, a normal ECG manifested suspicious for BrP. In a paper by Gottschalk, et al., BrP is categorized into three classes: class A where all mandatory diagnostic criteria are met, class B where BrP is highly suspected but not all diagnostic studies could be completed, and class C where BrP is highly suspected but provocative testing is not justified [11] . The patient presented fits in class B, and can be specified as having type IB and IIB BrP.
The prevalence of either type I or II Brugada ECG is approximately 0.15% [6, 7] , but the presentation of both type I and II Brugada ECG patterns in a single patient is undocumented.
Though there are numerous studies looking at the prevalence of Brugada ECG patterns in various countries, there lacks data in how many of those patients presented with more than one type of Brugada ECG pattern. Implantable cardioverter defibrillator (ICD) implantation is recommended for those with multiple risk factors of nonvagal syncope, familial sudden cardiac death, or inducible ventricular tachycardia or fibrillation on electrophysiology study [12, 13] . This patient had no true known risk factors, as her syncope was likely unrelated to ventricular fibrillation or ventricular tachycardia. It remains controversial as to the most appropriate workup to further risk stratify this patient, but a reasonable approach was to conduct genetic testing and long-term cardiac monitoring to rule out ventricular arrhythmias as a cause of syncope. Other possible diagnostic tests include electrophysiology studies and provocative testing with a sodium channel blocker [11] .
There are multiple gene mutations associated with the disease, but about 20% of BrS cases are due to abnormalities in cardiac sodium channels. Mutations in SCN5A gene lead to decreased functioning of these channels in the right ventricular epicardium, thereby believed to cause slow conduction and reentry [2, 14] . Another theory proposes that voltage gradient across the cardiac layers generates dispersion of epicardial repolarization, making it vulnerable to premature impulses that lead to ventricular arrhythmias [15, 16] . The mechanism for fever-induced Brugada ECG pattern is not completely understood. Many hypothesize that under higher temperatures, sodium channels are prone to enter their slow inactivated state [17] . Additionally, sinus tachycardia often seen in febrile patients reduces the time between consecutive depolarization and does not allow enough time for mutated channels to recover from inactivation [17] . Fever can help unmask BrS, but it can also produce electrocardiographic findings of BrP in otherwise healthy individuals.
The most reasonable approach to patients with incidental fever-induced BrP is supportive care with antipyretics and clearance of infection with antibiotics. Pharmacologic therapies such as antiarrhythmics or beta-blockers do not protect affected individuals. Close follow-up as an outpatient is crucial in identifying high-risk patients with Brugada ECG pattern, as treatment requires placement of ICD for prevention of sudden cardiac death [12, 13] . In patients with documented ventricular fibrillation, polymorphic ventricular tachycardia, or aborted cardiac death, ICD placement is the only management that decreases mortality [12, 13] .
